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METHOD AND SYSTEM FOR ANALYZING PAYLO AD INFORMATION 

Cross Reference to Related Applications 

This application claims the benefit of U.S. Provisional Application 
No. 60/286,039, filed April 25, 2001, the contents of which are hereby 
incorporated by reference. 

Technical Field 

The present invention relates generally to standards for equipment 
operation and maintenance, and more particularly, to a method and system for 
analyzing payload information to determine and promote compliance with 
desired payload standards. 

Background 

A number of industries, such as the mining industry, rely on large 
off-highway trucks to transport large cargo loads. Not only are the loads 
themselves extensive, but these trucks are frequently operated around the clock. 
Manufacturers or dealers of these off-highway trucks typically provide a warranty 
for the truck, often covering the entire life of the vehicle. Because this type of 
warranty may be costly to the manufacturer, the manufacturer often specifies 
operating and maintenance standards, such as maximum operating weights, in 
order to achieve a longer operating life of the vehicle. 

Sometimes the specified maximum operating weight is viewed as 
the target weight, rather than a weight that should not be exceeded, as there may 
be divergent interests in this area. Hauling a heavier load may result in a greater 
profit for the operation, at least in the short term. But, frequent overloading will 



adversely affect equipment life and operation. Overloading may also result in 
reduced fuel efficiency and increased operating costs. Additionally, overloading 
may increase wear on components and may break structural joints. Some studies 
have shown that every one ton increase in mean payload (or cargo weight) above 
target decreases component life by approximately 1%. Further, repeated 
overloads may potentially decertify brake and/or steering systems in the 
equipment. 

As noted above, this equipment is typically under a 
manufacturer's warranty. Component or structural breakdown, as well as 
reduced operating efficiency, will lead the customer back to the manufacturer. It 
may be difficult for the manufacturer, however, to determine whether the failure 
is due to equipment flaws or to equipment overload. 

To balance the interest in hauling at maximum potential with the 
interest in maximizing equipment life, equipment owners often request 
manufacturers to provide an "acceptable" overload amount (or percentage above 
the target, or acceptable, payload), wherein the adverse effects to the equipment 
are minimized while still permitting the hauling of large loads. 

Currently, systems exist that determine and store the payload 
weights of a vehicle. One such system is shown in U.S. Patent No. 5,1 82,712 
entitled "Dynamic Payload Monitor". This system includes an on-board 
processor that stores a set of payload weights and may calculate the average 
payload and overload percentage. While this invention accurately depicts 
payload and overload information, further calculations may be required to truly 
appreciate the actual operation of the vehicle. For example, two sets of payload 
weights may give the same average payload. This average payload will not 
indicate whether there are some trips with very high weights and some trips with 
very low weights, versus whether a majority of trips occurred at or near the 
average weight. Further, the currently available systems do not provide the 



owner with sufficient information to alter his behavior in order to obtain and/or 
continue compliance. 

The present invention is directed to overcoming one or more of the 
problems or disadvantages associated with the prior art. 

Summary of the Invention 

A method is provided for analyzing compliance of one or more 
pieces of equipment with a payload standard. A target payload for the one or 
more pieces of equipment of a particular equipment type is determined. Payload 
weight data is obtained for the one or more pieces of equipment. The payload 
weight data is then compared with the target payload and compliance with the 
payload standard is analyzed based on the results of the comparison. 

Further, a computer-readable medium, including instructions for 
performing a method, when executed by a processor, is provided for analyzing 
compliance of one or more pieces of equipment with a payload standard. The 
instructions included with the computer-readable medium include the following 
steps. A target payload for the one or more pieces of equipment of a particular 
equipment type is determined. Payload weight data is obtained for the one or 
more pieces of equipment. The payload weight data is then compared with the 
target payload and compliance with the payload standard is analyzed based on the 
results of the comparison. 

A system is also provided for analyzing compliance of one or 
more pieces of equipment with a payload standard. An input module receives 
data about the one or more pieces of equipment. Connected to the input module, 
a processing module analyzes the data based on the payload standard. An output 
module, connected to the processing module, provides the analysis results. 

It is to be understood that both the foregoing general description 
and the following detailed description are exemplary and explanatory only and 
are not restrictive of the invention as claimed. 



The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate several embodiments of the 
invention and together with the description, serve to explain the principles of the 
invention, hi the drawings: 

FIG. 1 is a block diagram of an exemplary payload analysis 
system consistent with the present invention. 

FIG. 2A is an exemplary flow chart of one embodiment of a 
method, consistent with the present invention, for analyzing payload weight data. 

FIG. 2B is an exemplary flow chart illustrating one embodiment of 
a method, consistent with the present invention, for performing statistical analysis 
on the payload data and comparing the analysis results to a payload standard. 

FIG. 3 is an exemplary flow chart of a second embodiment of a 
method, consistent with the present invention, for analyzing payload weight data. 

FIG. 4 is an exemplary interface for entering equipment 
identification information, consistent with the present invention. 

FIG. 5 is an exemplary interface for entering empty machine 
weights, consistent with the present invention. 

FIG. 6 is an exemplary interface for determining target payload 
weight, consistent with the present invention. 

FIG. 7 is an exemplary interface for analyzing payload weight 
data, consistent with the present invention. 

FIG. 8 is an exemplary interface for rating the results of payload 
weight analysis, consistent with the present invention. 

FIG. 9 is an exemplary interface for calculating a modified target 
payload weight, consistent with the present invention. 

FIG. 10 is an exemplary output graph, consistent with the present 

invention. 



Detailed Description 

Reference will now be made in detail to embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. 
Wherever possible, the same reference numbers will be used throughout the 
drawings to refer to the same or like parts. 

In accordance with the present invention, a system and method are 
provided to analyze payload weight data from one or more pieces of equipment to 
determine compliance with a payload standard. For example, an equipment 
manufacturer, dealer, or owner may determine that it is acceptable for a particular 
piece of equipment to be overloaded by a certain percentage, so long as the 
fraction of time that the vehicle is overloaded remains below another threshold 
value. Specifically, one exemplary protocol may be a 10/10/20 standard. In this 
example, it is permissible for a piece of equipment to carry a 10% overweight 
payload (or 1.1 times the target payload) on 10% of its trips. However, no single 
payload should exceed the maximum target payload by 20% (or exceed 1.2 times 
the target payload). Other protocols may be based on regulatory standards or 
based on contracts between the manufacturer or dealer and the customer, or 
desired thresholds established by the manufacturer, dealer, and/or owner. 

The payload standard may be established by anyone having an 
interest in equipment performance or equipment operating life, such as a 
manufacturer, dealer, industry organization, regulatory agency, or owner. 
Equipment subject to such payload standards may include off-highway trucks, 
on-highway or over-the-road trucks, tractors, trailers, or combinations thereof, 
railroad cars, any other vehicle or machine that transports loads of potentially 
variable weights, and/or any other type of payload carrying equipment. Payload 
weight data analysis may consider multiple payload weights obtained from one 
piece of equipment, multiple payload weights obtained from multiple pieces of 
equipment (such as a fleet), or multiple payload weights obtained from a 
representative group of pieces of equipment from a fleet, where the results are to 
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be applied to the fleet as a whole. Payload weights are most representative when 
monitored over a period of time; however, it is also possible to use the features of 
the present invention to analyze single payload weights obtained from one or 
more pieces of equipment. The results of the payload weight data analysis may 
be used, for example, by an owner, manufacturer, or dealer to compare actual 
loading practices to preferred loading practices for warranty analysis or machine 
operating life studies or to determine maintenance scheduling. For example, an 
equipment owner may use the results of payload weight data analysis for its own 
purpose, such as ensuring compliance with warranty guidelines or minimizing the 
maintenance required to maintain a fleet of equipment in working order. 

[ 28 J Fig. 1 illustrates a system consistent with the present invention. 

As shown in Fig. 1, equipment 100 interacts with payload analysis system 105. 
System 105 includes an input module 1 10 for obtaining data from equipment 100, 
an processing module 120, and an output module 130 for providing results of the 
analysis. Processing module 120 receives data from input module 110, analyzes 
this data, and provides the results to output module 130 for display. 

[29] Equipment 1 00 may include an off-highway truck, an on-highway 

truck, a tractor, a trailer, or combination thereof, or any other piece of equipment 
that transports loads. Further, equipment 100 may be a single piece of 
equipment, a member of a fleet of pieces of equipment where payload analysis is 
performed for the entire fleet, or may be a member of a representative sample of a 
fleet of equipment where payload analysis is performed for the sample, but 
applied to the whole fleet. Equipment 100 may include information about one or 
more payload weights for a given piece of equipment. 

[30] In one embodiment, payload weights may be collected by an on- 

board payload sensing system associated with equipment 100. The payload 
sensing system, for example, may include an on-board processor connected to 
pressure transducers in the equipment's suspension cylinders or shock absorbers. 
The pressure transducers sense the change in pressure in the cylinders as the 
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equipment is loaded with cargo. The processor then converts the pressure 
information to payload weight and stores the payload weight data, for example, in 
a database in the on-board processor. 

[31] In an alternative embodiment, payload weight data may be 

collected from an external scale, such as found at a loading area. A payload 
weight, associated with the equipment, is then recorded or stored by the scale. 
Alternatively, the payload weights collected from the scale may be stored in a 
database at a central data facility (not shown) or any other database or record. 

[32] Input module 110 receives payload weight data associated with 

equipment 100. In one embodiment, input module 1 10 is connected via network 
connection 1 12 to equipment 100. In this embodiment, a user may download the 
stored payload weight data from a payload sensing system, for example, during a 
routine maintenance visit, using network connection 112 between equipment 100 
and input module 1 10. In another embodiment, input module 1 10 is connected 
via network connection 1 12 to the scale or to the database storing weights 
collected by the scale. Again, the user may download the payload weight data 
over network connection 1 12 to input module 1 10. In either of the above 
embodiments, network connection 112 may include a wire connection or a 
wireless connection. Alternatively, where network connection 1 12 is a wireless 
connection and a payload sensing system is used, the payload weight data may be 
sent to system 105 each time the equipment is loaded, rather than being stored by 
the payload sensing system. The data sent would then be stored by system 105. 

[33] In yet another embodiment, payload weight data about equipment 

100 may be measured by a scale or other system, collected, and stored or 
recorded either manually or through another method for storing data. In this 
embodiment, the collected data may be provided to input module 1 10 via a 
device for accessing stored data 1 14, such as a disk drive, CD-ROM, or optical 
drive. Alternatively, a user may enter the collected data manually via a data input 
device 1 16, such as keyboard. 



In addition to payload weight data from equipment 100, a user 
may provide empty machine weight information and/or equipment identification 
information to input module 110, via a network connection 1 12, a device for 
accessing stored data 1 14, or a data input device 1 1 6. Empty machine weight 
information may be obtained through similar methods as used to obtain payload 
weight data, namely, actual weight information obtained from a payload sensing 
system in the equipment or from an external scale. Alternatively, a user may 
enter an estimated empty machine weight from a manufacturer's specification 
sheet (or other source) for the equipment type and based on the configuration of 
the equipment. 

In one embodiment, equipment identification information may be 
used to assist the user in identifying pieces of equipment when tracking the 
payload trends of a piece of equipment, fleet of pieces of equipment, or portions 
thereof, identifying circumstances surrounding particular payload weight data, 
and identifying configurations of the piece of equipment or fleet of equipment for 
future reference. Equipment identification information may be determined and 
entered by the user. Equipment identification information, for example, may 
include an identification number for the equipment, the location of the 
equipment, how the payload weight data was recorded (and if manually, the 
operator who recorded the payload weight data), the date of analysis, the user 
performing the analysis, the type of equipment, any special equipment 
configurations, the source of the payload weight data, or any additional desired 
identification information. 

Input module 110 provides the payload weight data, the empty 
machine weight information, and the equipment identification information, if 
used, to processing module 120. Processing module 120 includes payload weight 
database 122, processor 124, and equipment database 126. Payload weight 
database 122 stores payload weight data and empty machine weight information 
received from input module 110. Processor 124 accesses the payload weight data 



in payload weight database 122. Processor 124 also accesses equipment database 
126, which includes static information for each equipment type, such as 
maximum gross equipment weight and payload standard information. Equipment 
database 126 may include traditional storage media, such as a database, or 
specialized storage media, such as look-up tables. 

Processor 124 determines a target payload value based on the 
empty machine weight stored in payload weight database 122 and the maximum 
gross equipment weight stored in equipment database 126. Based on the target 
payload value, processor 124 analyzes the payload weight data stored in payload 
weight database 122 to determine how well the equipment complied with the 
payload standard. Further, processor 124 may determine a distribution of 
payload weight data, a rating based on equipment compliance with the payload 
standard, and a modified target payload based on previous compliance with the 
payload standard. Processor 124 then provides the results of the analysis to 
output module 130. 

Output module 130 presents the results, distribution, rating, and/or 
modified target payload to the user. Output module 130 may provide this data in 
textual and/or graphical format, and may provide the data to a display 132, such 
as a monitor or screen; to a hardcopy device 134, such as a printer or facsimile 
machine; to a stored data device 136, such as a disk drive, CD ROM, or optical 
drive; or may send the data over a network device 138 to another system, 
processor, or user. 

System 105 may be implemented in various environments to 
provide the tools for obtaining the required data, analyzing the data, and 
providing the results of that analysis. System 105 may be hardware specifically 
constructed for performing various processes and operations of the invention or 
may include a general purpose computer or computing platform selectively 
activated or reconfigured by program code to provide the necessary functionality. 
System 105 may exist at a location separate from equipment 100, such as a 
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central data facility. Alternatively, system 105 may be provided as an on-board 
system on equipment 100. In this case, input module 110 may obtain the payload 
weight data directly from the payload sensing system of equipment 100. As an 
on-board tool, system 105 may provide real-time warnings to the operator of the 
equipment regarding compliance with the payload standard. As a further 
alternative to this embodiment, using wireless network connection 1 12, 
periodically updated analysis results may be sent to a central data facility for 
record keeping and compliance-assurance. In addition, functions of the input 
module 1 10, processing module 120, and output module 130 maybe combined. 

Fig. 2A illustrates an exemplary flow chart of a method for 
analyzing payload weight data, consistent with the present invention. First, a 
target payload is determined based on the equipment type (step 200). The target 
payload is the specified allowable payload, and may depend on the model of 
equipment as well as the configuration of the equipment, including, for example, 
the fuel tank capacity of the equipment or the dump body design. One exemplary 
method for determining the target payload is to subtract an empty machine 
weight (EMW) from the maximum gross machine weight (MGMW) for the 
equipment, for example. Processor 124 accesses the MGMW for the equipment 
type from equipment database 126. Processor 124 then subtracts the EMW, 
received from input module 110, from the MGMW, to determine the target 
payload. Determination of the EMW itself is described in further detail below, 
with reference to Fig. 3. 

Alternatively, the target payload may be based, at least in part, on 
one or more external characteristic or configuration of the equipment. For 
example, the standard target payload may be altered to reflect the fact that the 
equipment operates on sloped terrain or carries a particular type of load. The 
target payload may also be based on a contract between the manufacturer and the 
owner. In these cases, where the target payload is determined via alternative 
methods, the compliance of a piece of equipment with the payload standard may 



be performed for both the typical target payload weight or standard, e.g., a first 
standard, and for the alternative or contractual payload weight or standard, e.g., a 
second standard. 

Next, payload weight data is obtained from one or more pieces of 
equipment (step 210). As described above, there are numerous ways for payload 
weight data to be collected from equipment 100, transferred to input module 1 10, 
and sent to payload database 122. For example, a payload sensing system in 
equipment 100 may collect the payload weight data and send it, via network 
connection 1 12, to input module 110. Input module 110 forwards the payload 
weight data to payload database 122. Payload weight data may be expressed in 
metric tons, U.S. tons, or any other appropriate weight unit. In one embodiment, 
only one unit is used for each set of data analyzed. Payload weight data may 
include multiple payload weights from a single piece of equipment, where each 
payload weight represents a different load hauled. Alternatively, payload weight 
data may include one or more payload weights from each of a plurality of pieces 
of equipment, such as a fleet. In yet another alternative, payload weight data may 
include one or more payload weights from a representative sample of pieces of 
equipment from a fleet, wherein the results of the analysis on the payload weight 
data for the sample will apply to an entire fleet. Because the analysis depends on 
the equipment type and configuration, embodiments analyzing weights from 
multiple pieces of equipment preferably ensure that each piece of equipment 
included is of a similar type and configuration. 

In another embodiment, analysis of the payload weight data for a 
fleet of differently configured pieces of equipment may be performed. In this 
embodiment, the analysis may be based on a relative target payload. 

Finally, the payload weight data is analyzed with reference to a 
payload standard, to determine the level of compliance with the standard (step 
220). Depending on the payload standard, a number of statistical calculations 
may be performed on the payload weights. This step is described in further detail 
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with reference to Fig. 2B, which illustrates an exemplary analysis done in 
accordance with one embodiment of the present invention. 
t 45 ] As shown in Fig. 2B, the arithmetic mean (or average) of the 

payload weights may be calculated, as is the standard deviation (step 230). Next, 
the percentage of payload weights falling below an acceptable overload is 
calculated (step 240). The acceptable overload may be expressed as a percentage 
or fraction of the target payload (determined in step 200). For example, an 
acceptable overload may be 10% over target payload (or 1 . 1 times the target 
payload). The payload weight data is then compared to this acceptable overload 
weight, and the percentage of payload weights falling below that value is 
calculated. 

t 46 l The percentage of payloads greater than a maximum acceptable 

weight is then determined (step 250). Similarly, the maximum acceptable weight 
may be expressed as a percentage or fraction of the target payload. For example, 
maximum acceptable overload maybe 20% over target payload (or 1.2 times the 
target payload). The payload weight data is then compared to the maximum 
acceptable weight and the percentage of payload weights falling above that value 
is calculated. Further, the maximum acceptable weight may be compared to the 
maximum gross machine weight, determined in step 200. If the maximum gross 
machine weight is less than the maximum acceptable weight, the maximum gross 
machine weight is preferably substituted for the maximum acceptable weight to 
determine the percentage of payloads greater than the maximum gross weight. 

t 47 ] Additional percentages may also be calculated, depending on the 

payload weight standard that is being considered. For example, it may be 
relevant to calculate the percentage of payload weights falling above or below the 
target payload, the percentage of payload weights falling between the target 
payload and the acceptable overload weight, or the percentage of payload weights 
falling between the acceptable overload weight and the maximum acceptable 
weight. Other calculations are also possible. 
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Following calculation of the relevant percentages, the equipment 
may be rated based on the calculations and the payload weight standard (step 
260). For example, the compliance rating may be a simple indication of 
compliance. If the relevant payload standard was the 10/10/20 standard, as 
described above, this rating would be as follows. So long as the equipment had 
less than 10% of its payload weights above the acceptable overload weight (or 
10% over) and none of its payload weights at greater than the maximum overload 
weight (20% over), then the equipment rates " compliant" - otherwise, the 
equipment is "non-compliant." Additional rating schemes are also possible. For 
example, a graded rating scale maybe used, wherein the equipment is assigned a 
numeric or other rating based on the percentages calculated in steps 240 and 250 
or based on comparison of the payload weight data with the payload standard. 
One such graded rating scale is shown in Fig. 8. In this particular rating system, 
a piece of equipment may receive a rating of "1" if 100% of its payloads are less 
than the acceptable overload weight and no loads are greater than the maximum 
acceptable weight. A piece of equipment may receive a rating of "5", however, if 
only 80% of its payloads are less than the acceptable overload weight and 1% of 
the loads are greater than the maximum acceptable weight. The specifics of the 
rating scale may vary depending upon the application and can be adjusted as 
necessary to provide useful compliance information in a summary form. 

In one embodiment, a modified target payload may be calculated 
(step 270). This modified target payload takes into account the prior payloads of 
the piece of equipment and determines a target payload, which if followed, would 
ensure compliance with the payload weight standard. One possible formula for 
calculating the target payload is to calculate a figure that is three standard 
deviations less than the maximum acceptable weight. For example, a given track 
has a target payload weight of 160 and a maximum acceptable weight of 195. In 
step 230, it is determined that, for a given set of payload data, the standard 
deviation is 8. A modified target payload may be calculated by subtracting three 
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times the standard deviation from the maximum acceptable weight, or in this 
example, the modified target payload is 195 - 3(8), or 171. 

Fig. 3 illustrates an alternate embodiment of a method for 
analyzing payload weights based on a payload weight standard, consistent with 
the present invention. Similar to the method described with respect to Fig. 2, this 
alternative embodiment adds additional features to the present invention. 

First, the user enters equipment identification information into the 
system (step 300). This equipment identification information may include a 
equipment identification number, the location of the equipment, how and by 
whom the payload weight was recorded and stored, the date of analysis, the user 
performing the analysis, the configuration of the piece(s) of equipment, and other 
information that a user may find helpful to identify either the equipment at issue 
or the circumstances surrounding the analysis. An exemplary user interface for 
entering such data is shown in Fig. 4. 

Next, the user determines if there are multiple empty machine 
weights (step 310). As noted above, empty machine weights may be obtained 
either from payload sensing systems on-board the equipment or from an external 
source, such as a scale. Additionally, empty machine weights may be estimated 
from a performance handbook or provided by a manufacturer's specification 
sheet. If only one empty machine weight has been obtained from the payload 
sensing system or a scale, the user enters the single empty machine weight (step 
3 1 5). Alternatively, if the empty machine weight has been estimated from a 
specification sheet, the user would enter the single empty machine weight. If, 
instead, there are two or more empty machine weights, the system may calculate 
an average empty machine weight based on the two or more empty machine 
weights (step 320). An exemplary interface for entering either a single empty 
machine weight or multiple empty machine weights is shown in Fig. 5. 

Empty machine weights may either be entered manually via an 
input device 1 16, or obtained over a network connection 1 12, or from a device 
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for accessing stored data 114. After the empty machine weights are entered, as 
shown in Fig. 5, a user may click the "Calculate EMW" button to prompt the 
system to calculate the average empty machine weight. If a single empty 
machine weight is to be used, the user may simply enter that figure in the box 
following "Mean = ". As shown on Fig. 5, the user may also select whether to 
use U.S. or metric tons for the calculations. Regardless of the unit of 
measurement selected, the weight data throughout should consistently use the 
chosen unit. 

[54] Regardless of how the empty machine weight is determined, the 

next step is to determine target payload weight (step 330). Target payload weight 
is dependent on the type of equipment and the configuration of the equipment. 
As noted above, one method for determining the target payload is to subtract the 
empty machine weight (EMW), determined in either step 3 15 or 320, from the 
maximum gross machine weight (MGMW), from equipment database 126, for 
the equipment. An exemplary interface for entering equipment information to 
obtain a target payload weight is shown in Fig. 6. For example, as shown in Fig. 
6, the data for each machine may be contained in the system. The user may select 
which model of equipment is at issue, and the MGW for that piece of equipment 
would be filled in at the appropriate location on the screen. Further, the system 
may automatically subtract the EMW, as determined in step 320, from the MGW. 

[55] Payload weight data is then obtained (step 340). As described 

above, there are numerous ways for payload weight data to be collected from 
equipment 100, transferred to input module 110, and sent to payload database 
122. Payload weight data may contain payload weights from one or more pieces 
of equipment. Only one unit, for example, either U.S. tons or metric tons, should 
be used for each set of data analyzed. Because the analysis depends on the 
equipment type and configuration, however, weights from multiple pieces of 
equipment preferably ensure that each piece of equipment included is of a similar 
type and configuration. An exemplary interface for entering payload weight data 
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is shown in Fig. 7. After the payload weights are either entered or imported into 
the system, the user may click the "Calculate Payload" button, prompting the 
system to provide the statistical results, as shown. 

[56] Next, the payload weight data is analyzed based on the payload 

weight standard, as well as the target payload determined in step 330 (step 350). 
This analysis follows that which is described in detail with respect to Fig. 2B, and 
may include calculating the mean and standard deviation, calculating a series of 
percentages related to the payload weight data and the payload standard, rating 
the equipment based on the percentages, and/or calculating a modified target 
payload. A modified target payload may be calculated to provide a more accurate 
target payload for ensuring compliance. Because the payload weights may be 
considered as scattered in a normal distribution, it can be shown that over 99% of 
the loads fall within a range from minus three standard deviations to plus three 
standard deviations. A good estimate for target payload, then, is the maximum 
acceptable weight minus three standard deviations. This number simply provides 
an update to the target payload determined earlier in step 330. 

[57] Fig. 8 illustrates an exemplary interface providing results of the 

calculations and ratings performed in step 350. Fig. 9 illustrates an exemplary 
interface providing a modified target payload to the user. 

[58] Finally, the system may create a graphical representation of the 

analysis (step 360). Fig. 10 illustrates one exemplary graphical representation. 
The vertical dotted lines may indicate the target payload, the acceptable overload, 
and the maximum acceptable weight. The distribution of the payload weights 
with respect to these lines may be used to show an owner how the history of the 
equipment complies (or does not comply) with the standard in an easy to 
understand fashion. For example, in Fig. 10, line A represents the target payload; 
line B represents 10% over the target payload; and line C represents 20% over the 
target payload. Ideally, a piece of equipment's payloads should be centered 
around line A, with none exceeding line C. 
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Industrial Applicability 

[59] Systems and methods consistent with the present invention 

provide a way to ensure compliance with a payload standard. This may assist a 
manufacturer or dealer in performing a warranty analysis, or may provide 
sufficient information to an equipment owner to help him obtain compliance or 
maintain compliance with respect to his equipment or to monitor equipment 
health and/or life expectancy. With respect to a manufacturer or dealer, when a 
piece of equipment is presented for routine maintenance (as is typically required 
of equipment of this type), the manufacturer can obtain the payload weight data 
from the piece of equipment for all payloads since the last maintenance and may 
archive the data for future use. When an owner brings a piece of equipment in 
for warranty repairs, the manufacturer may analyze the archived data and 
determine whether the piece of equipment has been operated according to the 
supplied payload weight standard. Along similar lines, the equipment owner may 
analyze the payload weight data to determine if he has been operating in 
compliance with the standard provided by his warranty. Because the system 
provides a modified target payload as well as a graphical representation, it is easy 
for the owner to understand how well the payloads have complied in the past, as 
well as how to comply in the future. 

[60] Further, systems and methods of the present invention may be 

used to monitor the payload management of a piece of equipment or fleet of 
pieces of equipment over time. For example, monthly analysis may indicate that 
an owner is continuing to increase the payload in his equipment, and is 
approaching a mark of non-compliance. By showing the owner this up-trend, the 
owner may be able to alter his behavior to ensure future compliance. 

t 6 1 ] Finally, the system and method of the present invention may be 

used to flag certain pieces of equipment or fleets for additional or more frequent 
maintenance and reviews. For example, if the system determines that a piece of 
equipment is frequently operated at higher than the target payload, it may be 
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called for maintenance more frequently than a piece of equipment that less 
frequently surpasses the target payload. 

In addition to the payload standard provided by the manufacturer, 
the system may also be used by a manufacturer, dealer, or owner to determine if 
the operation of the piece of equipment falls within other imposed standards. 
Additionally, there may be instances where a contractual operating standard is 
imposed in addition to, or instead of, a typical manufacturer's warranty standard. 
This situation would also avail itself to use of the system of the present invention. 

Thus, the present invention has wide application to monitor 
compliance with payload standards of all types. The system provides valuable 
information in a timely manner to both monitor compliance and allow 
adjustments where necessary to ensure future compliance. Other aspects and 
features of the present invention can be obtained from a study of the drawings, 
the disclosure, and the appended claims. 



